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ABSTRACT . . ^ ^ n 

The dominant trend in phonetics today — due to a large 

extent to generative phonology”“is to discover the brain mechanisms 
underlying the observed behavior in speech. Among other things there, 
is interest in attempting to find out how motor programs are stored 
latently, selected, activated into muscular contractions, controlled, 
and tailored for optimum communication. Chapter 1 discusses research 
thought and methodology in phonetics and expresses the need for 
constant empirical feedback in all stages of the development of 
models of these processes. Chapter 2 attempts to shed light on the 
mechanisms speakers use to control the fundamental frequency of 
phonation in speech. Chapter 3 considers arguments, evidence, and 
experimental techniques relevant to discovering certain possible 
brain mechanisms underlying observed speech behavior. Two issues are 
covered: the possible role of feedback in speech and how the timing 
of gestures in speech is controlled. (Author/VM) 
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••• If It !■ to be interesting, the description 
of each language Bust also be testable; and the 
possibility of Biaking a sufficient test Bust be | 
Inherent in the underlying theory. < 

— Peter Ladefoged (1967b) 



Chapter 1 



At a special session of the 1967 Conference on Speech CoBOBunic»> 
tion and Processing, held at M.I.T. , Kenneth Stevens expressed the 
opinion that speech research vaa todey at d)out the saaie stage that 
chenistsy vaa before the periodic table of elenents had been dis- 
covered. Unfortunately for the field of speech, the analogy is quite 
appropriate. As was the case with chemistry in the first half of 
the 19tb centuxy, speech research does not seem to be able to Bsake 
all of its disparate pieces of data fit together into a general pat- 
tern of any sort, typically it is unable to generalize beyond the 
available data and cannot tell vhat kind of experiments are worth 
doing. 

However, this is not to deny that progress has been made in the 
field over the past 100-1^0 years, but mainly in the acciunulation of 
a wider variety of high-quality data. Much more is known about the 
behavior of the vocal tract end the acoustic properties of speech such 
that it is now possible to synthesize speech with some success. And 
there has been some liaiited advancement on the problem of automatic 
speech recognition. 

Perhaps the most telling sign of progress in this area is the 
shift in attention from the purely peripheral aspects of speech to 
the more central, neurological substrate of speech. The periphery, 
i.e., where sounds are produced, accusticadly and neuromuscularly , 
is still being studied, of course, but more and more for what it 
will reveal about the brain mechanisms underlying speech. Quite 
sensibly it is believed that if we could find out vhat is happening 
inside the "box" (the speaker's head) we might be able to moke more 
sense of the sounds that are emitted from it and of the perceptual 
Judgments made by it. This has been the explicit or ieplicit strategy 
of many researchers in phonetics /phonology, one of the disciplines 
in speech research. In this chapter I propose to discuss how this 
strategy should and should not be pursued within phonetics /phonology. 

Of the many disciplines included in speech research, e.g. , com- 
munications engineering, oto-laryngology , speech pathology, psy- 
chology, physiology, and phonetics /phonology (although the dividing 
lines between these disciplines are fast disappearing) , phone- 
tics/phonology has played and still does play a rather central role 
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in the field of epeech research • and thus possibly links the euccess 
or failure of the vhole field with its ovn achievanents • ThuSi 
vlsely or not, cost of the other disciplines have freely adopted the 
teres end concepts of phonetics in their ovn specialized vork* And so, 
teres such as "phoneme", "syllable", "vowel and consonant", "phone" 
and "allcphone" seem to have a more secure, unquestioned position in 
the writings of communications engineers than they do in those of 
phoneticians, 

« 

Phonetics /phonology has contributed to and shared in whatever 
success has been enjoyed by all of speech research, and in the process 
has experienced the same shifting of its goals, Althou^ attention has 
never shifted from its original tasks of providing accurate physio- 
logical and acoustic descriptions of sounds end sound patterns in the 
world's languages or of providing explanations for sound changes and 
soiuid alternations in languages , there is now increasing concern for 
discovering the brain mechanisms underlying the observed speech be- 
havior, Cca^are, for example, the topics discussed at the first and 
second International Congresses of Phonetic Sciences with those at 
the fourth and fifth: now we may expect a large nxunber of papers 

dealing with language and speech in general rather than detailed 
studies of particular languages. 

However phonetics has always had a handicap that the other 
disciplines did not have, namely it was not wholly convinced that it 
could or should be an experimental science of the same rigor as physi- 
ology or chemistry. This is undoubtedly due to its origin as a brand: 
of philology, a discipline Iti which it is impossible to en^loy labora- 
tory experlxaents. Perhaps phonetics started out as a serious science, 
but meeting many initial failures, retreated back into the safe, less 
frustrating world of a priari-iam typical of philosophy and literary 
criticism. It la possible to find among early phonetic studies some 
well-intentioned if primitive attempts to subject hypotheses about 
speech to experimental verification, Grandgent (I890) in the same 
article in which he reports on a creditable atteiapt to discover the 
true tongue positions for certain vowels (by sticking wire measuring 
"probes" into his mouth), finds it necessary to warn against unwhole- 
some, unscientific attitudes in the field,* However ve know now that 



s Grandgent 's complaint was a universal and timeless one: he asserted 
that one of the reasons why phonetics had not made isueh progress even 
in those days was 

,,, the well-nigh irresistable tendency to construct 
theories on Insufficient data. Many investigators have, 

I fear, designed their system first, and then pared off 
the toes and heels of their facts to make them fit the 
symmetrical slipper into which they were to be thrust* 



even Grandgent'e findings were not very accurate In spite of his care 
and objective attitude* end perhaps it was the resulting endless dls» 
putee end the frustration experienced from repeated failure at such 
experiments that caused some phoneticians to be disapproving of 
Instruments. Thus* Sweet (1911) in the entry ’’Phonetics' for the 11th 
edition of the Enoyolopedia Bfitmnioa briefly outlines the acconpUsh- 
ments of Instrumental phonetics but comments 

There has been great discrepancy between the results 
obtained by different observers, end many results which were 
at first received with implicit confidence for their sup- • 
posed rigorously scientific and objective character have 
been found to be worthless. 

Sweet wrote these words in his last years and at the end of his long 
career in phonetics (he was 65 years old when they were published and 
he died the following year in 1912). We can therefore guess that there 
may be more disappointment than bitterness underlying his final hau^ty 
write-off of instrumental phonetics in the following passage. 

The claims of Instrumental phonetics have been so 
prominently brou^t forward of late years that they can no 
longer be Ignored even by the most conservative of the older 
generation of phoneticians. But it is possible to go too 
far the other way. Some of the younger generation seem to 
think that the instrumental methods have superseded the 
natural ones in the same way as the Arabic superseded the 
Roman numerals. This assumption has had disastrous results. 

It cannot be too often repeated that instrumental phonetics 
is, strictly speaking, not phonetics at all. It is only a 
help: it only supplies materials which are useless till 

they have been tested and accepted from the linguistic 
phonetician's point of view. The final arbiter in all pho- 
netic luestlona is the trained ear of a practical phoneti- 
cian: differences which cannot be perceived must ~ or at 

least may be ~ Ignored; what contradicts the trained ear 
cannot be accepted. 

Considering the trlails that instrumental phonetics suffered in its 
early yeazs it is more appropriate that we read these comments by Sweet- 
with compassion rather than disapproval. However the situation is dif- 
ferent now and it is very surprising to find Sweet's statements en- 
dorsed by modem phoneticians ~ even by those who are also instru- 
mentalists. Ladefoged (196U) quoted the above passage by Sweet and 
added: 



For those of us who are not as skilled as Sweet, 
instrumental phonetics may be a very powerful old and of 
great use in providing objective records <» the basis of 
which we may verily or amend our aubjectlve Impresalona. 
But even the moat extensive array of Instruments can never 
be a substitute for the linguist's accurate cbservatloo 
and imitation of an Informant. 



iWii 



k 



IHili passage In turn waa quoted approvingly by Stevens and Halle (196?) 
in support of their claiDa on the abstract and mentalistic Character 
of phonetic units. Ladefoged, however, points out that the statement 
appeared in a book dealing with the phonetic deacription of the phono- 
logical contrasts in a number of languages studied in the field. It 
was not meant to imply that a linguist's observations were preferable 
to experimental studies in other circumatances (Ladefoged 19o9, per- 
sonal communication). 



However, more debilitating to the field than scorn of instrumental 
studies was the disregard of normal scientific procedure, particularly 
vith respect to testing one's hypotheses. Testing need not involve 
fancy instruments. It amounts merely to refining one's observations 
by constructing or finding a situation in which the phenomenon or re- 
lation one predicts will be free to appear or not appear — free, that 
is, from irrelevant influences. Introspection and intuition are, of 
course, perfectly legitimate sources for initial observations. No one 
really cares hcrf a scientist gets his ideas for hypotheses; but people 
do care whether or not they are subsequently tested, i.e., submitted 
to potential falsification. One cannot tenninate one's study with 
Introspection because it is difficult, if not impossible altogether, 
to replicate it, and because the results are too susceptible of being 
rigged — even unconsciously* As Grandgent (IO90) noted| in arguing 
against introspective experiments in phonetics , 

... sensation is ... uncertain; for feeling 
depends far less on the actual movements of the organs 
than on the preconceived idea in the observer's mind. 

As a result of much flagrant disregard for testing even of its 
meet fundamental ideas, phonetics now has an abundance of terms whidi 
have only an imperfectly understood meaning, e.g. , syllable, stress, 
tense versus lax, etc. 



This attitude is still with us and generative phonology, as put 
forth in the writings of Chomsky, Halle, Poatal, Llghtner, etc., for 
all the good it has done the field by re-channelling interest iilong 
more profitable lines, remains one of the moat ardent proponents of 
this scientifically anachronistic mode of thought. Of course, this 
school does frequently allow that certain issues are enqpirlc^ mat- 
ters," i.e., need to be tested, (although what assumtion of fact and 
statement of hypothesis is not an empirical matter?), but one m^ 
question how long a discipline interested in the nature of mental 
processes” (Chomsky and Halle 1968, p. vlii) may proceed without 
actually performing any convincing experiments involving a human Md 
his mental processes. The only means of verification the generative 
phenologists seem to admit is testing whether or not th^r system, 
primitive units plus rules, is capable of "capturing certain lin- 
Sistic generalisations. But before this can lead to information on 
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mental processes ^ tvo more steps must be taken* As Zlsmer (I968) has 
recently pointed out , 

It seems to be occsslonally sssumed that the very 
fact that a lllnguistlc] regularity can be stated suf- 
fices to Justify the Inference that it has some kind of 
psychological reality, but there is surely nothing 
necessary about this assumption* One might ec^ually well 
assume that someone who learns the sequence of numbers 
1, 5, 19, 65, 211, 665 must necessarily know the formula 
which relates them (namely that the nth member of the 
series equals 3°-2”)* Of course if this person could 
not only repeat the sequence correctly , but also con- 
tinued it on his own with 20^9, that would be evidence 
that he knows the formula in question, but it is Just 
evidence of such a conclusive nature that is lacking in 
the case of some of the regularities we find in lan- 
guages * 

After writing a rule, the first step, then, la to see if it represents 
a linguistic process that is productive in the native speaker* 

Testing this point on some phonological rules in Turkish, Zimmer found 
that "speakers may well be only very Imperfectly aware of regularities 
that do not fall within the system of fully productive rules of their 
language*" Ladefoged and Fromkln (1968), however, in an experlrant in 
which subjects were presented with written nonsense words such as 
Bublane, aublantory, Bublcnation, etc* and were asked to transcribe 
the words phonetically, found that subjects could be phonological^ 
productive along the lines set down in certain rules of English pho- 
nology as formulated by Chomsky and Halle* 

But the next step after this is as important as it la difficult* 
This is to ascertain how close the rules, as written, match the proc- 
ess used by the native speaker* Consider another series of numbers, 

1 3 6. 10, 15, 21, 28, and assume that the subject can produce these 

and all of the succeeding terms, 36, U5, etc*, i*e*, the nth term of 
the series equals n At least two different algorithms, shown 

I (i). 

i>l 

in Figure 1, can be used to arrive at the correct value for the nth 
term* Knowing the second algorithm a bright hlgh-school student, 
given an n of 10,000,000,000 could, within a fraction of one minute, 
come up with the correct value for the nth term of the aeries , 
50.000,000,005,000,000,000, a feat which would better many computers 
using the first algorithm* If we ” pay cho-roathematl clans only knew of 
the first algorithm we would draw some fantaatlc and erroneous con- 
clusions about the computing ability of the human brain if we assumed 
the human were also using the first algorithm* Thus, even if we grant 
for the moment that the transformational cycle in ph^ology describes 
a process that is productive in speakers of English (although see 
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Algorithm 1 




Algorithm 2 



Figure 1. Two algorithm* which take the same input and give the aame 
output. 
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